Abstract Estimates of the prevalence of visual impairment caused by uncorrected refractive errors in 2004 have been determined at regional and global levels for people aged 5 years and over from recent published and unpublished surveys. The estimates were based on the prevalence of visual acuity of less than 6/18 in the better eye with the currently available refractive correction that could be improved to equal to or better than 6/18 by refraction or pinhole.
Introduction
Refractive errors (myopia, hyperopia and astigmatism; presbyopia is not included in this study given the present paucity of data, but it is recognized that uncorrected, it could lead to an impaired quality of life) affect a large proportion of the population worldwide, irrespective of age, sex and ethnic group. Such refractive errors can be easily diagnosed, measured and corrected with spectacles or other refractive corrections to attain normal vision. If, however, they are not corrected or the correction is inadequate, refractive errors become a major cause of low vision and even blindness (for a selection of studies, see http://ftp. who.int/nmh/references/RE-estimatesreferences.pdf ).
Visual impairment from uncorrected refractive errors can have immediate and long-term consequences in children and adults, such as lost educational and employment opportunities, lost economic gain for individuals, families and societies, and impaired quality of life. Various factors are responsible for refractive errors remaining uncorrected: lack of awareness and recognition of the problem at personal and family level, as well as at community and public health level; non-availability of and/or inability to afford refractive services for testing; insufficient provision of affordable corrective lenses; and cultural disincentives to compliance.
The definition of visual impairment in the International statistical classification of diseases, injuries and causes of death, 10th revision (ICD-10), H54, is based on "best-corrected" vision, i.e. visual acuity obtained with the best possible refractive correction.
1 However, to assess the extent of visual impairment caused by uncorrected refractive errors, estimates need to be based on "presenting" vision, i.e. visual acuity obtained with currently available refractive correction, if any. Thus, presenting vision, as opposed to best-corrected vision, provides the prevalence of visual impairment that could be improved simply by appropriate corrective refraction. Basing the definition of visual impairment on presenting vision extends the current definition to one that characterizes visual impairment faced by people in day-today activities.
Using best-corrected vision, visual impairment was estimated to affect 161 million people globally in 2002, of whom 37 million were blind. 2 The main cause of blindness and low vision was cataract; however, it was recognized that unless uncorrected refractive errors were included among the causes, visual impairment at global level was significantly underestimated.
This paper presents the estimate of the prevalence of visual impairment from uncorrected refractive errors for all ages over 5 years at regional and global levels, based on recent published and unpublished surveys. Some results from this paper were reported in a WHO press release on 11 October 2006 to mark World Sight Day. 
Methods

Definitions
Presenting vision is defined by the visual acuity in the better eye using currently available refractive correction, if any.
Best-corrected vision is the visual acuity in the better eye achieved by subjects tested with pinhole or refraction.
Visual impairment caused by uncorrected or inadequately corrected refractive errors is defined as visual acuity of less than 6/18 in the better eye that could be improved to equal to or better than 6/18 by refraction or pinhole, thus spanning the low vision and blindness categories as currently defined in the ICD-10.
It should be noted that in the revision of the ICD-10 categories of visual impairment proposed in 2003 by a WHO consultation on the development of standards for characterization of vision loss, low vision is replaced by two categories: moderate visual impairment (presenting visual acuity less than 6/18 but equal to or better than 6/60) and severe visual impairment (presenting visual acuity less than 6/60 but equal to or better than 3/60).
4
Population estimates and WHO subregions
Estimates of population size and structure were based on the latest estimates of world population (for 2004) in the World population prospects: the 2004 revision; estimates of demographics were based on the World urbanization prospects 2003 -both sources from the United Nations Population Division. 5, 6 For the classification of WHO Member States into 17 epidemiological subregions, see Murray & Lopez, 1996. 7 
General inclusion criteria
The following criteria were used to select studies.
The prevalence of best-corrected and • presenting visual acuity of less than 6/18 had to be reported or, alternatively, the distribution of causes of presenting visual impairment. In children, refractive diagnostics • had to be determined by objective refraction under cycloplegia plus subjective refraction.
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The studies had to be population-• based, representative of the area sampled, with definitions of visual impairment clearly stated. Studies with inadequate sample sizes and response rate were not included. Data reported only for eyes or for • the worse eye could not be included in the estimates calculated for people and the better eye.
For further discussion of selection criteria, see Resnikoff et al., 2 and Pascolini et al., 2004. 9 Sources of epidemiological data Literature sources were searched systematically in Medline up to April 2006. Most surveys meeting the selection criteria were conducted within the past five years; the earliest surveys date from 1995. Unpublished data were provided by academic institutions and national programmes for the prevention of blindness. Table 1 shows the 31 countries for which surveys that met the selection criteria were available, the bibliography can be found at http://ftp.who.int/nmh/ references/RE-estimates-references.pdf and in the WHO Prevention of Blindness and Deafness Programme's global data on visual impairment.
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For the age group 5-15 years, 16 surveys were found to fit the selection criteria. Of these, 10 were conducted in different countries using a specially designed protocol to estimate the prevalence of visual impairment from uncorrected refractive errors (the refractive error study in children (RESC; see Négrel et al., 2000 , for the details of the protocol).
11 The RESC studies provided extensive information on visual acuity, refractive errors and use of spectacles.
For the age group 50 years and older, 38 surveys met the inclusion criteria. Of these, 30 were surveys for the rapid assessment of cataract surgical services (RACSS), which also provide prevalence of presenting and bestcorrected visual acuity.
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An additional 14 surveys reported age-specific prevalence of presenting visual impairment and its causes in other age groups.
Estimation of prevalence of visual impairment from uncorrected refractive errors
For the age group from 5 to 15 years, the prevalence is estimated by the difference between the prevalence of presenting and best-corrected visual acuity of less than 6/18 with refraction under cycloplegia: this difference corresponds to the prevalence of presenting visual acuity that could be improved to equal to or better than 6/18 by appropriate correction. In the case of studies reporting only the prevalence of presenting visual acuity, the prevalence of visual impairment due to refractive error was determined from the distribution of causes determined in the surveys.
The prevalence for people aged 16-39 years was estimated to be the same as that for those aged 5-15 years, on the assumption that from the ages of 16 years to 39 years, the refractive status generally does not undergo changes that require further correction.
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The prevalence for people aged 40-49 years was either estimated from the results of surveys that reported age-specific data for this age group or calculated by a linear fit between the prevalence at age 39 and 55 years.
For the population aged 50 years and older, the prevalence was estimated from the difference between visual acuity of less than 6/18 with the available correction and visual acuity of less than 6/18 with best correction determined using refraction or pinhole, assuming that pinhole approximates complete refraction.
Estimation of prevalence of blindness from uncorrected refractive errors
Uncorrected refractive errors in adults aged 50 years and older have been shown to lead to blindness in some regions: the corresponding prevalence of blindness was determined from the difference between prevalence of presenting and best-corrected visual acuity of less than 3/60.
Blindness from uncorrected refractive errors was also reported in some surveys for the age group 40-49 years. Since there were insufficient data worldwide, it was assumed that the global number of people blind from this cause in this age group was 5.13 times lower than the corresponding number in people aged 50 years and over, based on the ratio of the total number of people visually impaired 50 years and over and those aged 40-49 years.
Estimation of refractive services coverage
The RESC studies also report the prevalence of uncorrected visual acuity in the age group 5-15 years: the prevalence of uncorrected, presenting and bestcorrected visual acuity (VA < 6/18) provides an estimate of the percentage coverage of refractive services using the formula:
Since percentage coverage is based on presenting visual acuity, it is an estimate of both the provision of refractive services and the compliance to prescription.
Extrapolations
Since data were not available for every country, extrapolations were made to estimate the global prevalence of visual impairment from uncorrected refractive errors. The rationale for the extrapolations was the similarity of the epidemiology of refractive errors, the availability and/or affordability of refractive services and compliance. Various kinds of extrapolations were made, based on the data selected: the prevalence in urban and rural • areas within a country was extrapolated to all urban and rural areas, respectively, of the country; the country prevalence was determined by weighting the prevalence by the rural-urban distribution of the population; in subregions with data from several • countries, an average prevalence was determined and applied to all other countries in the subregion. The average was calculated by weighting the prevalence from the countries by their share of the population in the subregion and taking into account the urban and rural distribution of the population; in the case of whole subregions lack-• ing data, the prevalence was extrapolated from other subregions with similar epidemiology of refractive errors and with similar WHO epidemiological classification. 
Results
Prevalence of visual impairment from uncorrected refractive errors by age and subregion
It is estimated that globally 153 million people over 5 years of age are visually impaired as a result of uncorrected refractive errors, of whom 8 million are blind. Table 2 shows the number of people in the WHO subregions with visual impairment from this cause and the corresponding prevalence by age. There is no evidence of visual impairment caused by uncorrected refractive errors in children aged less than 5 years.
From the data reported in surveys it was not possible to distinguish conclusively between the prevalence of male and female cases of uncorrected refractive errors for any of the age groups.
Some 12.8 million in the age group 5-15 years are visually impaired from uncorrected or inadequately corrected refractive errors, a global prevalence of 0.96%, with the highest prevalence reported in urban and highly developed urban areas in south-east Asia and in China.
The number of people aged 16-39 years visually impaired from uncorrected refractive errors is 27 million, a prevalence of 1.1% globally. This could, however, be an underestimate, being derived directly from the prevalence in the age group 5-15 years, although the prevalence of refractive errors, especially myopia, is higher between the ages of 13 and 18 years.
The prevalence in people aged 40-49 years globally is 2.45%; it is high in subregions or countries where the prevalence for people aged 50 years and older is also high. Almost 95 million people aged 50 years and older are visually impaired from uncorrected refractive errors: the prevalence is between 2% and 5% in most regions of the world, but is almost 10% in China and almost 20% in India and in Sear-D (WHO subregions defined in Murray & Lopez, 1996). 7 Of the 95 million people aged 50 years and older visually impaired from uncorrected refractive errors, 6.9 million are blind (Table 3) . Based on this, it is estimated that 1.3 million people in the age group 40-49 years are blind from uncorrected refractive errors. There was no evidence in any surveys of significant blindness in the age groups 5-15 years and 16-39 years.
The average coverage of refractive corrections calculated from the RESC studies for visual acuity cut-off point of less than 6/18 is shown in Table 4 .
Discussion Limitations: uncertainties of the data and extrapolations
The sampling and examination methods in the RESC studies were designed to produce results that could be directly compared between countries: for presenting visual acuity of less than 6/18, the uncertainties given were between 20% and 25%. These uncertainties in turn affect the estimates for the age group 16-39 years, which are based on the results for the age group 5-15 years. The uncertainties reported in the RACSS studies are between 15% and 25% for the prevalence of visual acuity of less than 6/18; other studies reported uncertainties from 15% to more than 20%. In all the studies, the uncertainties become higher for the prevalence of visual impairment of less than 3/60. The assumption that in adults the measurement of visual acuity with pinhole approximates the results obtainable with full refraction brings some additional bias to the estimates. 14 Significant limitations are introduced by the need to extrapolate the prevalence and provision of services data from one rural or urban area to all rural and urban areas in a country or subregion, as well as from one country to other countries, or from one country to whole subregions. Some extrapolations could be particularly prone to error, as in the case of countries such as China or India, for which extrapolations are made for very large populations, or in the case of subregions with scarce data, such as Eur-B1, Eur-B2 and Eur-C (WHO subregions defined in Murray & Lopez, 1996). 7 To check the consistency of the extrapolations, the estimates were verified using studies that did not fit the inclusion criteria due to the visual acuity ranges or the testing and reporting 
Extent of visual impairment from uncorrected refractive errors worldwide
Uncorrected refractive errors are a major cause of blindness and low vision: it is estimated that 8 million people are blind and 145 million have low vision because of lack of adequate refractive correction ( Table 5 ). The uncertainties associated with the data and the extrapolations can lead to overestimates as well as underestimates of these figures: if the uncertainties are estimated at 20%, the total of 153 million could vary from 123 million to 184 million.
The estimate of visual impairment caused by uncorrected refractive errors presented in this paper confirms that the problem is of public health concern, as emphasized previously. 16, 17 This finding is significant considering that refractive errors could be easily diagnosed and that spectacle correction is among the most cost-effective interventions in eye care.
Global causes of visual impairment
If blindness and low vision from uncorrected refractive errors (this paper) and from all other causes (2002 estimate) are combined, 314 million people are visually impaired globally (Table 5) . Uncorrected refractive errors are the second cause of blindness after cataract (Fig. 1) and the main cause of low vision: overall, they are the cause of almost half of all visual impairment.
Given the magnitude of the problem, uncorrected refractive errors need to be assessed and reported as a cause of visual impairment. It is expected that the ICD-10 definition of visual impairment will include, from the next revision in 2009, presenting vision along with the currently used best-corrected vision.
Reasons why refractive errors remain uncorrected
In the age group 5-15 years, noncorrection of refractive errors is due to several factors: the lack of screening, and the availability and affordability of refractive corrections are the most important. However, cultural disincentives also play a role, as shown in surveys from countries where routine screening and provision of corrections are free of charge or easily accessible, but compliance remains low (S Wedner, unpublished observations, 2006).
18,19
Perhaps one of the most remarkable findings in this study is that even in economically advantaged societies, refractive errors can go undetected or uncorrected in children.
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The estimated number of people aged 50 years and older visually impaired from uncorrected refractive errors is over 94 million, a figure that could be an underestimate, being based in part on studies that used only pinhole in place of full refraction.
14 In countries where the prevalence is very high, important underlying causes are index myopia caused by cataract, uncorrected aphakia and insufficient intra-ocular lens correction. 21, 22 This is particularly true in rural areas.
For the age group 5-15 years, the prevalence of visual impairment from uncorrected refractive errors in some regions appears to be higher in urban areas than in rural areas, despite the reported better access to services. This may be due to a high incidence of myopia in these populations: it is suggested that there may be a direct cause-effect relation between increased access to Les défauts de réfraction non corrigés peuvent nuire aux résultats scolaires, réduire la capacité à occuper un emploi et la productivité et, de manière générale, détériorer la qualité de vie. La correction des défauts de réfraction par des lunettes adaptées reste l'intervention la plus rentable en termes de soins ophtalmologiques.
Les résultats présentés dans cet article contribuent à faire ressortir un ample problème de santé publique formellement masqué, à favoriser le développement et la mise en oeuvre de politiques, ainsi que la prise de décisions programmatiques et de mesures correctives, et à stimuler la recherche. education and myopia, but other secular changes could be contributing factors. In this age group the prevalence of myopia reported in studies that used the same definitions and cut-off levels ranges from 3% to 35%, hypermetropia from 0.4% to 17%, astigmatism from 2.2% to 34% depending on the region and on the urban/rural setting.
The coverage of refractive corrections determined from the RESC studies is less than or around 50% in most regions of the world; urban areas have, as expected, better service coverage than rural areas (Table 4) .
Conclusions
These findings warrant the urgent implementation of the following fundamental policies.
Screening Se ha estimado la prevalencia de las discapacidades visuales causadas por los defectos de refracción no corregidos en 2004 a nivel regional y mundial en la población de 5 o más años a partir de encuestas recientes publicadas o inéditas. Las estimaciones se basaron en la prevalencia de una agudeza visual inferior a 6/18 en el mejor ojo con la corrección refractiva del momento, pero mejorable hasta 6/18 o más con medidas de corrección de la refracción o con un agujero estenopeico. Se estima que un total de 153 millones de personas (intervalo de incertidumbre: 123 -184 millones) sufren discapacidad visual como consecuencia de defectos de refracción no corregidos, incluidos ocho millones que padecen ceguera. Esta causa de discapacidad visual no se ha tenido debidamente en cuenta en estimaciones anteriores basadas en la mejor visión corregida. Si se suman a ello los 161 millones de personas con discapacidad visual estimados en 2002 de acuerdo con el criterio de la mejor visión corregida, se obtiene un total de 314 millones de personas con discapacidad visual por todas las causas: los defectos de refracción no corregidos se convierten así en la principal causa de disminución de la agudeza visual y la segunda causa de ceguera.
Los defectos de refracción no corregidos pueden reducir el rendimiento escolar, la empleabilidad y la productividad, y por lo general merman la calidad de vida. Sin embargo, la corrección de esos defectos con unas gafas apropiadas es una de las intervenciones más costoeficaces de la atención oftalmológica.
Los resultados aquí presentados pueden contribuir a hacer aflorar un problema hasta ahora oculto de gran trascendencia en el campo de la salud pública, y promover la formulación y ejecución de políticas, la toma de decisiones programáticas, las intervenciones correctivas y la realización de investigaciones en ese terreno. 
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